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(54) Direct use of methanol fuel In a molten carbonate fuel cell 

(57) A method of powering a high temperature molten carbonate fuel cell using direct internal 
reformation of methanol. The methanol is reformed spontaneously using the anode catalyst and cell 
waste heat creating hydrogen which is consumed as fuel at the anode and carbon dioxide which is 
used to enrich the cathode oxidant. In addition, the reformation reaction is endothermic and therefore 
will aid an managing excess heat at the anode. 
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SPECIFICATION 

Direct use of methanol fuel in a molten carbonate fuel cell 

5 The invention relaes to a method of producing electrical power using high-temperature fuel celts. 5 
High temperature fuel cells typically have a molten carbonate electrolyte disposed between an 
anode and a cathode. The typical fuel cell operates on hydrogen fuel and air oxidant. The 
reaction at the anode is shown by the equation 

10 H2 + C0"3-^H20 + C02 + 2'e (1) 10 

while the cathodic reaction is 

CO2+I/2O2+ 2'e->C0'V (2) 


15 
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CH4 + H2O >C0 + 3H2 (3) 


15 


From the equations, it is apparent that the reaction requires hydrogen for fuel and carbon 
dioxide enriched oxygen as oxidant. One source for both of these materials is hydrocarbon gases 
particularly methane. A process for producing hydrogen and carbon dioxide from such 
hydrocarbons is called steam reformation and has been used in the past to provide fuel for fuel 
20 cells. For example, see commonly assigned U.S. Patent 3,615,839. The reaction to produce the 20 
hydrogen is as follows: 


25 


The '839 patent describes a process in which methane is preheated to 1000T (538*C) and fed 
into a nickel catalyst packed fuel compartment behind the anode where the cell heat and 
product water refornri the gas as in equation 3. In order to make the reformation more efficient, 
the carbon monoxide generated in this reaction is further reacted in what is commonly called a 
30 shift reaction to produce carbon dioxide and more hydrogen. 30 

CO + HiO-^COa + Hj (4) 

The stability of the gaseous hydrocarbon molecules, especially methane, has necessitated the 
35 use of special reforming catalysts as well as high temperature pretreatments to initiate the 35 
reformation (U.S. Patent 3,146,131). In either case, the temperature of the gases is raised to 
about that of the operating fuel cell 932*F (500X). Both the use of the special catalyst and the 
preheating of the gases outside of the fuel cell increase the cost of construction and of operation 
for one of these fuel cells, as well as decreasing their efficiency. These factors, plus the 
40 increasing cost of gaseous hydrocarbons and a potential shortage of supply makes alternative 40 
fuels more attractive. 

The use of methanol in fuel cells operating with potassium hydroxide electrolyte have also 
been disclosed, however these cells suffer from the formation of carbonic acids and lead to a 
deterioration in the cells performance, U.S. Patents 3,925,009 and 3,703,416. 

45 Accordingly, what is needed in this art is a less complex, less expensive source of hydrogen 45 
for use in high temperature fuel cells. 

The invention is directed toward a method of generating electrical energy by steam reforming 
methanol inside the anode of a high temperature molten carbonate fuel cell. This method 
comprises introducing methanol into an anode cavity, contacting the methanol with the anode 

50 catalyst in the presence of heat and water, thereby producing hydrogen and carbon dioxide from 50 
the reformed methanol. 

CH3OH + H2O + heat-»3H2 + CO2 (5) 

55 No special catalyst need be employed. Any of the anode catalysts commonly being used in such 55 
high temperature fuel cells will be satisfactory, i.e. U.S. Patent No. 4,239,557, which is 
Incorporated herein by reference. The hydrogen is then further reacted with the catalyst as in 
Equation 1 while the CO2 rich gas may be expelled through the exhaust to the atmosphere or 
used to enrich the oxidant with carbon dioxide to aid in the cathode reaction as shown in 

60 Equation 2. 60 
Other objects, features and advantages of the present invention will become more apparent 
from the following detailed description of the preferred embodiment and accompanying 
drawings. 

Figure J is a schematic of a molten carbonate fuel cell powered by methanol. 
65 Figure 2 is a graph comparing the power generated from different fuels. The present 65 
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methanol and water solution, and simulated gases available from the reformation of naphtha, 

pjore 3 is a cross section of the fuel celi used in the Example. ^^.Uode 5 and a 

F n 1 shows a molten carbonate fuel cell 19 comprising an anode 3. a cathode 5 and a 

heat ft-om the primary fuel cell reactions (equations 1 and 2) so that the cell does not 

^t^::srin^e;^^^^^^^^ -ode fue. Pa-gewav whe^m it 

wil comT1n?o Untact with the anode. At the cell operating temperature and through the 
1 5 rqency of the anode catalyst in the presence of water, the methanol .s ^e^m reformed to^ 
n?«HnrP hvdroaen and carbon dioxide in conformance with Equation 5. The hydrogen thus 
^rSducJd ?s uSSze?^^^^^^ the agency of the same anode catalyst, to produce free 

^'^r meSatrm^a^eTrS^dVced into the fue. cel. as a liquid or -por in eUher ca^^^^^^ 
20 be necSsary to place the methanol under positive pressure, i.e. gravity feed or pump, when 

35 this procedure wili work just as well in a stack comprising a plurality of cells. 35 
^""IToUen carbonate test cell was prepared as shown in Rg. 3. The electtode was circula^ in 

by mTxfng 33 ml of methanol with 250 ml of and warm.ng to approxitnately 1 80 F 

(82 rC) The oxidam 15 comprised a mixture of 1 1.7% (by vol.) 0„ 17.1% CO,, 4/o H,0 and 

the balance N2. _ /Rcc-n with a constant oxidant flow rate of 100="Vmin to 45 

"^relLl! oJ subscal. dimension, ,e,ui,«l that tl^e fuel i'"'«'''"l"?^"rr„'™' 

''^row rates were varied from Scm^/min to 100cm3/min to determine cell P«rf°;"^«"'^^^^^^^^^^ 
65 approxTmalely 7G%-80% H,. 20%-25% CO, and 2%-5% CO on a dry weight basis. 
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The present invention utilizes a fuel which is increasing in supply and is relatively stable in its 
cost. Unlike the fuel cells of the past, which utilize hydrocarbon fuels requiring external 
reforming or special internal reforming catalysts, fuel cells of the present invention require no 
external reforming or special catalyst. The same catalyst is used to reform the fuel and to act as 
the anode in the electrochemical reaction. Such a system is easier, simpler and less costly to 
construct as well as to operate. 

It should be understood that the invention is not limited to the particular embodiments shown 
and described herein, but that various changes and modifications may be made vvithout 
departing from the spirit and scope of this novel concept as defined by the following claims. 
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CLAIMS ^ ^ 

1 . A method of operating a molten carbonate fuel cell having an anode, a cathode, a molten 
carbonate electrolyte disposed therebetween, and fuel and oxidant passageways operating at 
about 1 (593X) to about 1400*F (736X) utilizing hydrogen as the fuel characterized by: 
1 5 introducing methanol Into the fuel passageway, 15 
contacting the anode with said methanol in the presence of water at the operating 
temperature of the cell, thus causing the methanol to steam reform, producing hydrogen, carbon 
monoxide and carbon dioxide, and 

utilizing the hydrogen produced as fuel to operate the fuel cell. 
20 2. The method of claim 1 characterized in that said water is a by-product of the 20 
electrochemical reaction of the hydrogen and electrolyte in the fuel cell. 
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